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摘  要 
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1. AQDS 是一种重要的醌类模型化合物，但不同浓度的 AQDS 对沉积物中
As(V)/Fe(III)的生物还原过程及微生物群落结构的影响差异显著。低浓度的
AQDS (0.05 mM 和 0.10 mM)能显著地促进 As(V)/Fe(III)的还原释放，而高浓度
的 AQDS (1.00 mM)处理后则表现出抑制现象。这主要是因为低浓度的 AQDS 对
微生物群落中的金属还原菌(如 Bacillus，Lactococcus，Pseudomonas 及 Geobacter
等)丰度有促进作用，而高浓度的 AQDS 处理后，沉积物中金属氧化菌(如
Alicyclobacillus，Burkholderia 和 Bradyrhizobium 等 )的丰度较高，不利于
As(V)/Fe(III)的还原释放。另外，AQDS 还将潜在地改变了沉积物中 DOM 的变




炭能将 As(V)/Fe(III)解吸和还原，对 Fe(III)的还原贡献占 12~17%，对 As(V)的还
原贡献为 10~13%。在有菌环境下，生物炭能显著地促进 As(V)/Fe(III)的生物还

























rGO 最显著促进沉积物中的 As(V)/Fe(III)还原释放，其次是 CG 和 GO。培养第
42 天，对于石墨烯(rGO、CG 和 GO) 耦合乙酸钠处理所对应的 As(III)释放量分
别是以单独加乙酸钠(对照组)的 1.37、1.15 和 1.14 倍，释放的 Fe(II)量分别是对
照组的 1.40、1.27 和 1.24 倍，而对应沉积物固体颗粒物的导电能力分别是对照





(Geobacter、Desulfitobacterium、Bacillus 和 Desulfosporosinus 等)有促进作用。 
4. 为了能更充分地说明固相电子中介体材料上的醌类基团和介体导电能力
是影响微生物介导金属胞外电子传递的主要因素，研究用 AQDS 修饰生物炭和






























Arsenic pollution and hazardousness in sediment have caused harmfulness to the 
animals, plants and seriously threatened underground water and relevant ecological 
environment. Presently, the biogeochemiscal investigation regarding to the arsenic 
has demonstrated the microbial activities serving as a crucial role on the arsenic cycle 
in the nature. However, there were multiple approaches could be occurred for the 
dissolutive reduction of As(V)/Fe(III) from the sediment. Exactly, desorption and 
release of metal in environmental matrixs was closely related with microorganism, 
foreign materials and dissolved organic matters (DOM) in micro-interfacial medium. 
In this paper, the high arsenic-contaminated sediments, from an abandoned tailing 
realgar mine in Shimen county, Hunan province, China was selected to investigate the 
potential mobilization of As/Fe from sediment. The research mainline was engaged in 
the constructed alliance of “bacteria-foreign material-DOM” by coupling with AQDS, 
biochar, graphene sheets and the AQDS-biochar/graphene composites in association 
with microbial activities. The speciation and mobilization of As/Fe in amendments 
with the foreign materials were systematically investigated, and the involved 
mechanisms were explored. The main conclusion could be summarized as below. 
1. The gradient levels (0.05, 0.10 and 1.00 mM) of sodium anthraquinone-2, 
6-disulphonate (AQDS) serving as electron shuttle, were strongly responsible for the 
reductive dissolution of As(V) and Fe(III) from sediments. For the overall AQDS 
mediated reductive dissolution performance on As(V) and Fe(III), a facilitated effect 
amended with 0.05 mM was perceived better than 0.10 mM, but an inhibited effect 
suffered from amending with 1.00 mM. High-throughput sequencing results indicated 
a promotion on the abundance of As(V) or Fe(III) reducing bacteria, e.g., Bacillus, 
Lactococcus, Pseudomonas and Geobacter when amending with 0.05 and 0.10 mM of 
AQDS. However, a boost on increasing the abundance of As(III) or Fe(II) oxidizing 
bacteria was exhibited, that’s Alicyclobacillus, Burkholderia, andBradyrhizobium 
when amended with 1.00 mM AQDS.Additionally, multiple-dynamic effect of 















synchronously derived terrestrial DOM. Especially, the humic DOM will induce the 
complex formation of As(III)-Fe(II)-humic DOM. 
2. Compared with soluble AQDS, there are also great abundances of quinones or 
semi-quinones groups contained on the surface of an equal-solid-phase electron 
shuttle, biochar, which were the important reaction sites for the electron transfer. The 
results indicated that biochar makes the greater contribution on As(V)/Fe(III) 
bioreduction under biotic condition than abiotic condition. The reduction of As(V) 
(12∼17%) and Fe(III) (10∼13%) were also partly in response to biochar abiotically 
causing desorption and reduction effect. Well, the reduction of As(V) (87∼90%) and 
Fe(III) (83∼88%) were predominantly attributed to biochar stimulating biological 
reduction. The biological derivation was processed via biochar stimulating the DOM 
bioavailability and shifting the soil microbial community. In supplementation with 
acetate and biochar, the relative abundance of As(V)/Fe(III)reducing bacteria was 
increased, which were mostly Geobacter, Anaeromyxobacter, Desulfosporosinus and 
Pedobacter. Because of the surface negative potential of biochar, it will inevitably 
strongly adsorp the iron ions (with positive potential), but slightly adsorp the arsenic 
ions (existed with negative potential). As a result, the application of biochar will 
promote the mobilzaition of As(III) but inhibit Fe(II) moving due to the strong 
adsorption of biochar to Fe but very less to As. 
3. When employing the materials also contained some quinones groups on their 
surface and exhibited ascendant electrical conductivity, graphene sheets, their 
application will cause the potential impact on the mobilization of As(V)/Fe(III). 
Overall, rGO (reduced Graphene Oxide) exhibited the most significant facilitation 
than GO (Graphene Oxide) and CG (Conductive Graphene). In cultured 42
th
 day, 
comparing with control grous (amended with acetate), there were approximately 
1.37-fold, 1.15-fold and 1.14-fold of soluble As(III) levels released in amendments 
with rGO-acetate, CG-acetate and GO-acetate, respectively; about 1.40-fold, 
1.27-fold and 1.24-fold of soluble Fe(II) levels were released in corresponding 
amendments. Meanwhile, the conductive capacities in the corresponding amendments 
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